ABSTRACT. A nationwide survey of bovine leukemia virus (BLV) infection was conducted among dairy and beef breeding cattle in Japan from 2009-2011 using an enzyme-linked immunosorbent assay. Of a total of 20,835 cattle tested, 35.2% were seropositive for BLV and the animal type-level seroprevalences in dairy and beef breeding cattle were 40.9 and 28.7%, respectively. By the time animals were 1 year old, 21.0% of dairy and 13.7% of beef breeding cattle were considered infected. Our findings indicate that BLV is widespread among dairy and beef breeding cattle in Japan with the BLV seroprevalences approximately 10-and 4-fold higher, respectively, than previously reported for 1980-1982 in Japan. KEY WORDS: bovine leukemia virus, cattle, nationwide survey, seroprevalence.
Bovine leukemia virus (BLV), an oncogenic retrovirus, is the causative agent of enzootic bovine leukosis (EBL), a neoplasm of lymphatic tissue in bovine species [10] . The majority of infected cattle do not display clinical signs of the disease. It is also worth noting that the disease does not appear to have a negative economic impact. However, approximately 30% of BLV carriers develop a form of the disease known as persistent lymphocytosis (PL), and only 1-5% of BLV-infected animals develop malignant B-cell lymphosarcomas [10] . BLV infection has a worldwide distribution, and EBL is listed by the World Organization for Animal Health as a disease that can have a significant impact on international trade [22] . In certain countries, EBL has been successfully eradicated through national control programs, such as those used in Europe [1, 20] .
Bovine leukosis is a notifiable disease and has been subject to passive surveillance in Japan since 1997. In Japan, 1,777 cases of EBL were identified on 1,165 farms in 2010, whereas only 159 cases across 157 farms were reported in 2000 [15] . Because of the increase in EBL outbreaks since 1997, a small-scale survey of BLV infection was conducted in 2007 by the National Institute of Animal Health (NIAH) on dairy and beef farms in seven Japanese prefectures [18] . The results indicated a higher prevalence in dairy and beef cattle compared with that seen in a nationwide survey conducted by the NIAH in 1980-1982. However, a nationwide serological survey of BLV infection has not been performed since. The current study describes the results of a nationwide survey conducted from December 2009 through to March 2010 for dairy cattle and from December 2010 through to April 2011 for beef breeding cattle. Samples were obtained from all 47 prefectures in Japan.
Blood samples were voluntarily obtained from dairy and breeding beef farms. On each farm, 20 cattle that were older than 6 months were randomly selected. When the herd size was less than 20, all cattle older than 6 months were sampled. Using these criteria, 20,835 cattle (11,113 dairy and 9,722 beef breeding cattle) from 1,145 farms (587 dairy and 558 beef breeding) were subjected to serological testing for BLV infection. A summary of the samples and where they were obtained is presented in Table 1 and Fig. 1 .
A commercial indirect enzyme-linked immunosorbent assay (ELISA; JNC, Tokyo, Japan) to detect antibodies against BLV gp51 was conducted in 96-well microplates according to the manufacturer's instructions. All tests were performed at the respective prefectural animal hygiene service station.
Animal-level prevalence was defined as the proportion of positive animals among tested animals. Herd-level prevalence was defined as the proportion of herds with one or The animal-level seroprevalence in dairy cattle was highest in Kyushu/Okinawa (64.6%; Table 2), the southernmost regions of Japan. The lowest levels of seroprevalence were observed in Hokkaido (11.5%), the northernmost region of Japan. The animal-level seroprevalence among beef breeding cattle was high in Kyushu/Okinawa (42.4%) and Tohoku (39.9%), which is in northeast Japan. In Hokkaido and Shikoku, the animal-level seroprevalences in beef breeding cattle were 16.8 and 10.8%, respectively. Age-specific prevalence by type of cattle is shown in Fig. 2 . The prevalence of BLV in dairy cattle at 1 year old or younger was found to be 21.0%. The seroprevalence of BLV in beef breeding cattle at 1 year old or younger was as high as 13.7%. BLV prevalence in dairy cattle ≥2 years old was 42.2% (95% CI: 41.3-43.2%), which was significantly higher than that in younger cattle (24.1%, 95% CI: 21.1-27.1%). BLV seroprevalence in beef breeding cattle ≥2 years old was 30.6% (95% CI: 29.6-31.6%) and was 15.2% (95% CI: 13.2-17.3%) in younger cattle. The seroprevalence of BLV in both dairy and beef breeding cattle ≥2 years old was significantly higher than that in younger cattle (P<0.0001). BLV herd-level seroprevalence was high for dairy (78%) and beef breeding (69%) farms with that for dairy farms significantly higher (P<0.001). Fig. 1 . The eight Japanese regions surveyed in this study. We divided Japan into eight regions for the purposes of our seroprevalence survey. Although the reasons for this geographic disparity are unclear, environmental factors, such as the presence of hematophagous insects, can have an effect on BLV transmission [3, 16, 21] . These insects are known to be more abundant in southern regions of Japan with the horsefly a possible vector involved in the horizontal transmission of BLV. The presence of horseflies has been positively correlated to within-herd seroprevalence in Japan [11] . Furthermore, milk and colostrum from infected cattle can contain BLV-infected cells [4, 6] , although not all BLV-positive cattle produce milk containing BLV [23] . Colostrum from infected cattle has also been shown to contain antibodies against BLV; therefore, there is a decreased risk of infection via this route [13, 19, 24] . BLV infection can result from the ingestion of contaminated milk, especially in neonatal calves derived from uninfected dams [17] . BLV transmission in calves 6-12 months old can be attributed to milk-borne infection in approximately 6-16% of dairy herds [7] . These calves are unlikely to be protected by maternal antibodies, which would increase the likelihood of BLV transmission on dairy farms [5] .
This extensive nationwide serological survey targeted all 47 prefectures of Japan and was conducted to provide a current overview of BLV prevalence among Japanese cattle populations. The animal-level prevalence of BLV infection in cattle has increased remarkably more than 6-fold since the last survey in 1980-1982 [8] . Comparison by animal type showed that the prevalence in 2009-2011 was more than 10-fold higher in dairy cattle and approximately 4-fold higher in beef cattle than previously observed. BLV seroprevalence in beef cattle was higher in the 1980-1982 survey. In this study, we found that dairy cattle had a higher prevalence of BLV compared with beef breeding cattle in Japan. Furthermore, the number of BLV-infected dairy farms compared with BLV-infected beef breeding farms was significantly greater. Our findings suggest that dairy cattle in Japan are more severely affected by BLV infection than beef cattle. This higher prevalence within dairy cattle herds has been observed in other countries [2, 7] . It is possible that BLV has been widely disseminated across Japan over the last 25 years among dairy and beef farms. This dissemination can be partially attributed to the increased size of farms and more frequent movement of animals. In turn, this appears to have led to the introduction of BLV into previously virusfree farms with greater ease. Once BLV is introduced into farms, the number of infected animals quickly increases within herds. Because clinical manifestations of BLV infection are not always obvious, it can be difficult for farmers to recognize an infection and put into effect appropriate control measures. These issues within the Japanese cattle industry may have facilitated the spread of BLV.
BLV transmission primarily occurs through physical contact [12, 14] . In large dairy herds, animals are generally kept in free-stall barns. Tie-stalls are a possible alternative that should be considered and can be easily implemented for smaller herds. In Japan, tie-stalls were the most common housing system for dairy cows until the 1980s. However, housing systems were changed to a loose housing system leading up to 1990 with a free-stall barn system introduced into 50% of dairy farms breeding more than 75 heads [9] . Our recent study showed that a loose housing system was utilized in 23% of dairy herds and was a risk factor for transmission of BLV [11, 18] . We believe that the increase in within-herd prevalence for dairy herds can be partially attributed to the change of housing systems over the last two decades, as it has enabled dairy cows to have greater contact with each other.
The nationwide survey we conducted indicated that the prevalence of BLV in Japanese dairy and beef cattle was higher than previously thought. It is unclear why or how BLV has become so widespread across Japan. We postulate that a loose housing system, dehorning and a large number of horseflies in summer are likely risk factors for BLV transmission [11] . Further investigations are required to identify specific risk factors associated with BLV transmission between animals and farms. This will help to establish appropriate countermeasures that will hopefully prevent further spread of disease.
